The mutant plant of Flaveria linearis characterized by Brown et al. was studied to determine the cause of the reduced sensitivity to 02. Analysis of CO2 assimilation metabolites of freeze clamped leaves revealed that both 3-phosphoglycerate and ribulose 1,5-bisphosphate were high in the mutant plant relative to F. linearis with normal 02 sensitivity. The kc., of ribulose-1,5-bisphosphate carboxylase (RuBPCase) was equal in all plant material tested (range 18-22 s-') indicating that no tight binding inhibitor was present. The degree of RuBPCase carbamylation was reduced in the mutant plant relative to the wild-type plant. Since 3-phosphoglycerate was high in the mutant plant and photosynthesis did not exhibit properties associated with RuBPCase limitations, we believe that the decarbamylation of RuBPCase was a consequence of another lesion in photosynthesis. Fructose 1,6-bisphosphate and its precursors, such as the triose phosphates, were in high concentration in the mutant plant relative to the wild type. The concentrations of the product of the fructose 1,6-bisphosphatase reaction, fructose 6-phosphate, and its isomer, glucose 6-phosphate, were the same in both plants. We found that the mutant plant had up to 75% less cytosolic fructose 1,6-bisphosphatase activity than the wild type but comparable levels of stromal fructose 1,6-bisphosphatase. We conclude that the reduced fructose-1,6-bisphosphatase activity restricts the mutant plant's capacity for sucrose synthesis and this leads to reduced or reversed 02 sensitivity.
The rate of the photosynthetic reactions occurring in chloroplasts can be limited by the capacity of the rest of the plant to use the products of photosynthesis (19) . This feedback limitation on photosynthesis has been the subject of much debate (5, 8, 11, 16) . It has been established that 02 insensitive photosynthesis results from one type of feedback effect on photosynthesis, that of limited starch and sucrose synthesizing capacity (19) . However, the biochemical mechanism(s) which underlie this feedback regulation of photosynthesis remain to be determined (8, 16) . Plants with altered ratios of CO2 assimilation capacity to sucrose synthesis capacity may be extremely useful in elucidating the mechanism which causes 02 insensitive photosynthesis. no indication that the reduced 02 sensitivity resulted from more or less C4 character in this plant's photosynthetic characteristics. This aberrant plant and its selfed progeny lost 02 sensitivity at air levels of CO2 when the leaf temperature was 30°C. The apparent feedback limitation in this plant is more severe than any other plant tested to date.
We freeze-clamped actively photosynthesizing leaves from the mutant plant, a wild-type plant, and from Phaseolus vulgaris. FFBi2 was measured by adding FBPase (Sigma) and converting the fru 6-P to glc 6-P followed by the glc 6-P dehydrogenase reaction for quantitation. This assay may not detect sedoheptulose 1,7-bisP as does the aldolase reaction commonly used to measure FBP. All assays were carried out with a Sigma ZFP 22 dual wavelength filter photometer (Varex Corporation, Rockville, MD). Metabolite levels are expressed relative to Chl since the leaf area recovered each time varied and RuBPCase catalytic site concentration was not usually measured. Chl was estimated from the pheophytin recovered fromn the pellet of the acid extract (21) . Enzyme Analysis. Leaf material which had been freeze-clamped was ground in a Ten Brock glass homogenizer for RuBPCase measurements. Carbamylation and kr,t measurements were carried out as described in (15) . Leaves collected in the light were taken to the lab for FBPase analysis. About 250 mg fresh weight of leaf tissue (about one leaf) was ground in a mortar and pestle with 1.5 ml of extraction buffer (100 mM K-phosphate [pH 7 .5], 2 mm EDTA, 10 mm DTT). The homogenate was clarified by centrifugation at 15,000g for 2 min in an Eppendorf 5414 microfuge. The pellet was discarded and (NH4)2SO4 was added (12.9 g/100 ml). The precipitated protein was removed by centrifugation as above, the pellet was discarded and (NH4)2SO4 was again added (an additional 30.7 g/100 ml). The precipitated protein was collected by centrifugation as above and the supernatant was discarded. The pellet was resuspended in a minimum volume of the elution buffer (20 mm phosphate buffer [pH 7 .5], 0.4 mM EDTA, 50 mm NaCl, and 10 mm DTT). The two FBPase forms (cytosolic and stromal) were separated by batch ion exchange chromatography using DEAE-Sephadex A-50 (Sigma) as follows. An aliquot (0.1 ml) of the enzyme extract was added to 1 ml of DEAE-Sephadex A-50 preequilibrated with the elution buffer. The enzyme extract was allowed to equilibrate with the DEAE-Sephadex for 2 min at room temperature and then the DEAE-Sephadex was sedimented by a 30 s centrifugation at 200g. The solution above the DEAE-Sephadex was removed and retained. The DEAE-Sephadex was washed with one times the bed volume of elution buffer (50 mM NaCl) twice more. The cytosolic FBPase was found to be located in the initial fraction and first wash only. The ionic strength of the elution buffer was then increased to 1 M NaCl. The DEAE-Sephadex was washed twice with one times the bed volume of the high ionic strength buffer. The activity of chloroplastic FBPase was found exclusively in these two fractions. Further washing of the DEAESephadex with high ionic strength buffer did not release more FBPase activity from the DEAE-Sephadex. The' cbForoplastic and cytosolic FBPase were assayed according to K elly et al. (6) .
Pyrophosphate-dependent phosphofructokinase activity was measured spectrophotometrically in a reaction mediu# containing 100 mM Tricine, 5 mM MgCl2, 0.15 mM NAD', 2 U/ml aldolase, 3 U/ml triose-P isomerase, 3 U/ml a-glycerol-P dehydrogenase, 1 JuM fru 2,6-bisP and 1 mM pyrophosphate. The reaction was initiated by the addition of 2 mM fru 6-P. RESULTS Gas Exchange Analysis. The sensitivity of photosynthetic CO2 assimilation to 02-level was tested. The rate of assimilation in normal air was 91% of the rate inlow 02 in the mutant F. linearis line 84-9 (Table I) . The wild type, line 84-8, had only 69% of the rate of assimilation in normal air compared to low 02, a typical value for C, plants. Results (Fig. 1) . The 84-8 leaf material had less RuBP than the 84-9. Using conversion factors determined from other leaves we calculate that the RuBP pool size was 2.6 mol RuBP mol-I binding sites for 84-8 and 4.2 mol mol for the 84-9 leaves.
RuBPCase activity was assessed by measuring kcat and the degree of carbamylation. The ka,, mol CO2 mol-enzyme s-l, was between 18 and 22 s-I and did not vary between treatments (data not shown). Carbamylation was reduced by low 02 in the 84-8 plant but the effect of 02 was opposite in the 84-9 plant. In P. vulgaris, carbamylation was not affected by 02 (Fig. 1) .
The amount of PGA was low in F. linearis relative to P. vulgaris and little effect of 02 was observed (Fig. 1) . The 84-9 plant had more PGA than the 84-8 plant. The level of triose phosphates in the 84-9 plant was similar to that in P. vulgaris and about double that in the 84-8 F. linearis (Fig. 2) (Table III) .
We tested for the presence of PFP. In the fractions containing the cytosolic FBPase we found no PFP and in the stromal fraction we found PFP equal to 4% of the activity of FBPase. This is consistent with the finding that PFP elutes from DEAE-cellulose at 0.24 M NaCl (23) . These data indicate that some of the FBPase activity we measure as stromal FBPase could be the result of PFP but none of the cytosolic FBPase activity is the result of PFP.
DISCUSSION
Reduced carbamylation of RuBPCase is commonly seen during feedback limited photosynthesis (13, 18) . There is good evidence that the decarbamylation is a consequence of feedback limited photosynthesis, not a cause (12, 14) . The Figure 1 . PGA and the gas exchange behavior of the mutant both indicate that the lack of carbamylated RuBPCase was not the cause of the aberrant behavior of the mutant. FBP and precursor metabolite pools were high while fru 6-P and glc 6-P pools were the same in the mutant and wild-type plants. (8) at low temperature. It is easy to imagine this mechanism leading to a reversal of the sensitivity to 0O and CO2 but this mechanism cannot account for the reverse sensitivity to 02 seen in F. linearis.
